Abstract Mobile, community-based HIV testing may help achieve universal HIV testing in South Africa. We compared the yield, geographic distribution, and demographic characteristics of populations tested by mobile-and clinic-based HIV testing programs deployed by iThembalabantu Clinic in Durban, South Africa. From July to November 2011, 4,701 subjects were tested; HIV prevalence was 35 % among IPHC testers and 10 % among mobile testers (p \ 0.001). Mobile testers varied in mean age (22-37 years) and % males (26-67 %). HIV prevalence at mobile sites ranged from 0 to 26 %. Testers traveled further than the clinic closest to their home; mobile testers were more likely to test C5 km away from home. Mobile HIV testing can improve testing access and identify testing sites with high HIV prevalence. Individuals often access mobile testing sites farther from home than their nearest clinic. Geospatial techniques can help optimize deployment of mobile units to maximize yield in hard-to-reach populations.
VIH en los sitios móviles osciló de 0 a 26 %. Probadores viajaron más allá de la clínica más cercana a su hogar; probadores móviles eran más propensos a probar C5 km de casa. Pruebas de VIH móvil puede mejorar el acceso de pruebas e identificar sitios de prueba con alta prevalencia de VIH. Las personas a menudo acceden a sitios de pruebas móviles más lejos de casa que su clínica más cercana.
Introduction
South Africa remains highly affected by the HIV epidemic, with a prevalence of 18 % among people aged 15-49 [1] .
In an effort to improve access to HIV care and treatment, the South African government advocated for increased HIV screening and implemented a national testing campaign [1] ; by 2011, 13 million South Africans had been HIV tested [1] . More recently, the South African National Strategic Plan reinforced the ambitious goal of testing for HIV at least annually [2] . Though testing has increased recently, more remains to be done [3] . Mobile HIV testing in community venues is becoming an increasingly attractive way of promoting HIV testing particularly among men, those with earlier stage HIV disease, and people who may not otherwise access testing through the healthcare system [4, 5] . This novel screening method could help move South Africa towards achieving the goal of universal, annual HIV testing.
Though mobile units allow for expanded HIV case detection compared to clinic-based testing alone [4, 6] , little is known about the characteristics of the mobile community-based testing sites where testing units are deployed. Geospatial analyses and geographic information systems (GIS) have been used to determine ''hot spots'' of infectious disease and their spatial variation [7] [8] [9] [10] . Having a better understanding of disease distribution in the community can help optimize deployment of mobile testing units; previous studies have shown the advantages of using GIS to determine factors impacting access to and use of healthcare services [11] [12] [13] and in healthcare intervention planning [9] . We evaluated the yield and characteristics of the population tested at sites visited by mobile HIV testing units deployed by the iThembalabantu Clinic in the Umlazi Township, in Durban, South Africa. Our objective was to better understand how to optimize deployment of mobile HIV testing units.
Methods

Testing Sites
The study was conducted in Umlazi, a township located on the East Coast of KwaZulu-Natal province, southwest of Durban, South Africa (Fig. 1) . Umlazi is the largest township outside of Durban with a population of between 550,000 and 1,000,000 people, one-third of whom live in informal housing [14, 15] . iThembalabantu, ''The People's Hope,'' Clinic has been offering HIV care in Umlazi since 2002. Funded by the AIDS Healthcare Foundation and working in collaboration with the South African Department of Health, iThembalabantu currently has close to 13,000 adults and children in HIV care. The clinic is located in a business district near a small mall and a post office, with dense residential areas nearby. iThembalabantu offers two different kinds of HIV testing: clinic-based testing and mobile community-based testing via 1-2 testing units deployed daily. The mobile units visit different venues, such as taxi stands, markets, and malls in Umlazi and surrounding areas, on a rotating basis. Currently, there is no algorithm to decide where to send the units to optimize yield. iThembalabantu raises awareness of the mobile testing campaign through print media, radio, and loudspeakers [16] . In addition to iThembalabantu, 11 primary health clinics within Umlazi offer clinic-based HIV testing and treatment. The 11 clinics' geospatial coordinates were used for calculating distances only; no participants were enrolled at these clinics.
Study Population
We prospectively collected programmatic data for adults (C15 years) who self-presented for testing at the mobile HIV testing units (mobile testers) and at the iThembalabantu HIV clinic (IPHC testers) from July to November 2011. The study was approved by the University of KwaZulu-Natal Biomedical Research Ethics Committee and the Partners Human Research Committee (2011-P-001195 and 2003-P-001019).
Demographic and Clinical Data Collection
Testers were offered HIV pre-test counseling and responded to an oral questionnaire. The questionnaire included demographic and health information. Participants underwent HIV testing using rapid HIV test kits as per South African guidelines [17] and results were available to the tester within 25 min. Testers at the mobile unit were taken to a separate area to receive their results, for privacy. Patients who were diagnosed with HIV, both on the mobile testing units and at IPHC, were offered phlebotomy for CD4 count testing and were asked to retrieve their CD4 count results at the iThembalabantu Clinic two weeks later.
Geospatial Data Collection
Routine clinical intake forms for all testers were used to obtain demographic details and self-reported residential addresses; clinic registers provided information regarding whether testers returned to iThembalabantu to retrieve their CD4 count results. The patients' residential addresses were manually geocoded. We restricted our analysis to testers with home addresses within Umlazi Township due to the detailed nature of Umlazi addresses, which allowed for complete geocoding, as well as the availability of a municipal road shapefile of Umlazi. GPS coordinates were obtained at 24 mobile unit testing sites, iThembalabantu Clinic, and 11 other Umlazi clinics offering HIV testing and care; coordinates were mapped using ArcGIS (Esri, Redlands, CA, USA). ArcGIS and the municipal road shapefile were used to calculate distances by road between patients' home and the site where they tested, as well as their nearest clinic. Each testing site was characterized by tester-specific factors (gender, age, and average distance traveled by clients) and by testing site-specific factors (number of subjects tested, newly-diagnosed HIV infection rates, likelihood of obtaining a CD4 test at the testing site and returning for results at IPHC, and type of venue, such as markets, taxi stands, and university campuses).
Statistical Analysis
We compared demographic characteristics, HIV prevalence, and distance traveled for testing among mobile unit testers compared to IPHC testers using v 2 tests for categorical data and Wilcoxon rank-sum tests for continuous variables. Age was divided into 5-years intervals that at the sites during the study period. Green represents lowest prevalence, red is highest prevalence. Isipingo is not included in this map. IPHC iThembalabantu ''the People's Hope'' Clinic approximated quartiles. We also assessed the yield and characteristics of different mobile testing sites, and mapped the geospatial distribution of the mobile testing sites, incorporating testers' demographic information and HIV infection rates at each site. Mobile testing sites were classified as having a ''high'' newly diagnosed infection rate if the rate at that site was greater than the overall newly diagnosed rate across all sites.
Results
Characteristics of Mobile Compared to IPHC Testers
From July to November 2011, 5,327 participants who selfreported residential addresses within Umlazi underwent HIV testing at the mobile testing units and at the iThembalabantu clinic in Umlazi. Of those, 4,701 (88 %) participants had addresses that were successfully geocoded, and this sub-sample was used for this analysis (2,802 mobile testers and 1,899 IPHC testers). Subjects whose addresses could not be geocoded had a statistically similar HIV prevalence as subjects included in the study (p = 0.374).
Among the 4,701 participants included in this analysis, a greater proportion of mobile testers were male compared to IPHC testers: 47 versus 43 % (p = 0.002). Mobile testers were significantly younger than IPHC testers (mean age 28 vs. 32 years, p = 0.002). The HIV infection rate was substantially lower among mobile testers (10 %) compared to IPHC testers (35 %) (p \ 0.001; Table 1 ). Among those infected with HIV, mobile testers were less likely to have a CD4 count done than those tested at IPHC (45 vs. 86 %, p \ 0.001), and to return to IPHC for the results (23 vs. 77 %, p \ 0.001).
Characteristics of the Mobile Sites
Testers at mobile sites varied in mean age (22-37 years) and proportion male (26-67 %). HIV prevalence from mobile sites varied depending on the kind of venue, from 0 to 4 % at a university campus to 26 % at a commercial venue ( Fig. 1 ; green is low prevalence, red is high). Taxi stands at major transport junctions and commercial sites had the highest HIV prevalence (17-26 %). College residences had the lowest HIV prevalence (0-4 %, Table 2 ). Eleven mobile testing sites (46 %) were classified as having high infection rates (greater than the overall rate for mobile sites). Compared to those testing at mobile testing sites with lower infection rates, the testers at the high infection rate sites were older (mean age 31 vs. 26, p \ 0.001) and more likely to be male (51 vs. 45 %, p \ 0.001). On average, the people who tested the furthest away from home received their HIV test at the largest commercial center in Umlazi, Mega City (distance = 7.4 km).
Distance Results for Mobile Testers
Although the median distance from participants' homes to the nearest clinic offering HIV services was 1.4 km (IQR 1.0-1.9 km), the median distance between all of the testers' homes and their testing site was 2.4 km (IQR 1.3-4.1 km) (p \ 0.001). Sixty-four percent of mobile testers lived closer to their nearest clinic than to the mobile site where they tested. Among mobile testers, the median distance between home and the site where they tested was less than among IPHC testers [2.1 km (IQR 0.8-4.9 km) vs. 2.5 km (IQR 1.8-3.5 km), p \ 0.001], and mobile testers were much more likely than IPHC testers to be tested within 1 km of where they lived (31 vs. 4 %, p \ 0.001). However, mobile testers were also more likely than IPHC testers to be tested C5 km away from home (24 vs. 7 %, p \ 0.001) (Fig. 2) .
There was a small but statistically significant difference in median distance between HIV-infected and HIV-negative patients' home and their chosen testing site [2. 
Discussion
The iThembalabantu People's Hope Clinic mobile testing units in Umlazi Township, outside of Durban, attract a large number of HIV testers. Mobile unit testers had a lower HIV prevalence and were more likely to be younger and male than IPHC testers. The testing sites varied widely in HIV infection rates, number of people tested, and how far from home people chose to get tested. Those who tested at the mobile units had access to clinics closer to their homes, suggesting that testers valued other considerations over proximity to home in choosing location for testing.
The mobile testing units attracted hard-to-reach populations. Specifically, compared to the clinic, the mobile units test proportionally more men-who are less likely than women to get tested for HIV in clinic-based testing programs [3, 18] . Mobile testing also attracts proportionally more young people, which is especially important since their HIV prevalence is high and prevalence increases rapidly with age [1, 3] . As has been shown previously, mobile units also tend to test people at earlier stages of HIV disease [4] . Though the overall HIV prevalence at the mobile units is lower than at the clinic, the mobile vans were able to detect 280 new cases of HIV in this five-month sample.
The sites with the highest HIV prevalence were supermarkets and taxi ranks. These areas attract mobile populations and have dense commercial activity, characteristics that have been associated with high HIV transmission in other studies [19, 20] . The malls, taxi ranks, and transport junctions were high-volume testing sites that generally had a much higher percentage of male testers. The higher concentration of males in these sites could be due to the fact that males generally visit these sites more than women. Focusing on these sites may be a good strategy to increase the yield of male testers. In contrast, university campuses had generally much lower prevalence. The HIV infection rate of 0-4 % at the campuses is consistent with the 3 % rate reported in the 2010 nationwide survey and a survey conducted at the University of KwaZulu Natal [21, 22] . The majority of people tested at the university campuses were women, who are more likely to be infected than men, even among students [23] . The Mangosuthu University of Technology main university campus had one of the lowest HIV rates (4 %) in the study.
Almost a quarter of mobile patients got tested for HIV more than 5 km away from their homes. This may indicate that some people prefer being tested for HIV further from their homes, where they will not be recognized. Stigma and discrimination have been shown to discourage people from attending health care facilities [24] and to reduce the effect of interventions [8] . Similarly, one study in India found that women did not test at facilities in the area in which they lived, but rather traveled to a different location to get tested for HIV [25] . In that way, mobile testing sites provide an additional opportunity for people who wish to test away from home. This effect could explain why more mobile testers traveled more than 5 km away from their home to get tested (Fig. 2) . However, the mobile testing units may also be located near patients' place of work or venues they like to visit and therefore be more convenient. Since people who test at mobile units are less symptomatic and more likely HIV negative, deciding to test at a mobile unit, rather than at a clinic, may reflect convenience rather than stigma. More research is warranted to understand why patients choose their specific testing sites. Implementing interventions to encourage HIV testing where people actively seek testing, rather than where they live, may be efficient and still have substantial yield.
Although proximity has been shown to be a key factor in utilizing health services previously [11] , living close to a clinic where testing is available does not mean that patients consider that clinic convenient. The typically long wait times in clinics in South Africa [26] may lead testers to go to mobile units where wait times may be shorter. Our data show that living near iThembalabantu did increase the rate of having a CD4 count performed but not of coming back to retrieve CD4 count results. These results reinforce the need for more point-of-care CD4 tests-especially for people who do not live near the clinic and are less likely to come back-since providing immediate results on the mobile unit has been shown at other sites to increase retention in care [27] [28] [29] and to be cost-effective [30] . Undergoing CD4 count testing is a crucial step in evaluating eligibility for starting ART, which, in turn, is essential in curbing the HIV epidemic.
Using GIS mapping also allows an assessment of the spatial distribution of HIV in a dense township setting. HIV prevalence is not evenly distributed in South Africa and, as can be seen from these data, prevalence at different sites within Umlazi Township alone is heterogeneous. Although the overall HIV prevalence in KwaZulu Natal among 15-49 years old is 28 % (2012) [31] , the prevalence at the different sites ranged from 0 to 26 %, even between neighboring sites in close proximity. GIS data can therefore help inform the rationale for more targeted testing interventions [8, 32] . Baseline data can also help identify hot spots in the community, based on both prevalence and on the number of people tested. Increasing the frequency of mobile unit visits to high infection rate areas may saturate the number of new HIV testers and yield the maximum number of new cases in the community. However, until linkage to care improves, the impact of any testing initiative will be limited [4, 7] . Linkage to care interventions may be particularly important for mobile testers, who may be less symptomatic and not accessing a formal health care site at the time of testing.
This study has several limitations. First, some patient addresses were not specific enough to obtain a precise geocode. Second, we limited our analysis to people who lived within Umlazi, though people who live outside the township were also tested at the mobile units; they may have different characteristics compared to testers living in Umlazi. Third, some sites had a small number of testers. These small sample sizes could artificially magnify the overall prevalence. On the other hand, some sites were visited more than once and there may be some variability in HIV prevalence depending on the visit day. The data collected do not allow for sub-analyses based on specific visit days to any particular site. The HIV prevalence at each site should be carefully evaluated in the context of the Mobile, community-based HIV testing can identify areas of high HIV prevalence and improve access to testing. Individuals commonly access mobile testing sites that are farther from home than their nearest clinic. However, people who lived further away from the clinic were less likely to return to clinic to link to care. Geospatial techniques can be useful for optimizing deployment of mobile units in communities to maximize yield and access hard-toreach populations by targeting sites that have either a higher yield of people who are HIV positive or higher number of males visiting them. Although it is possible that the patients who were diagnosed with HIV at the mobile units could have eventually been HIV-diagnosed at clinics, we have previously shown that mobile testers tend to have higher CD4 counts at diagnosis than testers diagnosed at the clinic [4, 33] . Mobile testing presents a unique opportunity to identify people earlier in their HIV disease and is cost-effective when added to clinic-based screening in South Africa [34] . GIS data illustrate the distribution of HIV in Umlazi in a tangible way [8] , which may appeal to public health officials seeking to optimize mobile testing and other HIV testing initiatives. These results are multidimensional, providing information from the distance people travel to undergo testing-thereby providing some insight into the barriers patient may experience to access clinics-to actual infection rates and yield data. Deploying mobile units in the highest yield locations, combined with interventions to encourage linkage to care and prevention interventions in high activity areas [35] , could dramatically increase the number of HIV cases detected, particularly among hard-to-reach populations such as men, and ultimately drive down the number of undetected infections and thereby HIV transmission. 
